Abstract
crystals with reduced sulfur content (0.6-1%). Cellulase pretreatment influenced NCC 23 characteristics, as it increased overall yield a 12%, increased average particle size 24 around 35 nm and reduced NCC sulfur content up to a 0.8%. We found that different 25 conditions of enzymatic treatments led to quantitative differences on their effects on 26 NCC. Acetate buffer used for enzymatic treatments was found to counteract effects of 27 acid. The evidence presented in this work suggested that pretreating fibers with this 28 cellulase represents a very interesting option to partially replace chemicals on NCC 29 isolation.
will be noted as X_NCC (e.g. Initial or C1 indicate fiber samples, while C1_NCC or 120 initial_NCC refer to the NCC isolated from these fibers).
121

Characterization
122
Initial, enzymatically treated and control fibers were characterized in terms of fiber 123 length, viscosity, zeta potential, cationic demand, free hydroxyl content and water 124 contact angle. NCC samples were characterized in terms of yield, sulfur content, 125 particle size, surface charge, zeta potential, water contact angle and viscosity. NCC 126 films were prepared by evaporation of aqueous phase of NCC suspensions (water) in an 127 air circulating oven at 60ºC.
128
Fibers length, width and % of fines were measured using Kajaani fiber analyzer (FS300, (Cusola et al., 2013 ) a 4 μL water drop was delivered to the sample surface. At least 8 142 measurements were made for each sample.
143
Surface charge of suspensions of fibers and NCC was determined using Mütek particle 144 charge detector (PCD03PH, Mütek, Germany). Suspensions were titrated using 0,001N
145
Poly-Dadmac (cationic poly-electrolyte). Surface charge density was calculated 146 according to the following formula:
Where V and C are the volume and the concentration of the titration agent (poly-148 dadmac), respectively, and wt is the weight of the NCC sample.
149
Yield of NCC isolation process was determined drying 20-25 mL of the suspension and 150 determining the mass after evaporation. Total solids in suspension were calculated and 151 yield was expressed as % of initial fiber mass. Values were given as average of three 152 independent determinations for each sample.
153
Sulfur content of NCC was determined according to a procedure proposed by (Abitbol 154 et al., 2013) . Briefly, a small sample of suspension was titrated using 1.25 mM NaOH 
3.1.Cellulase treatments
198
In literature, studied cellulases could produce a fibrillation effect on fiber period (24 h) in order to ensure the noticeability of their effects.
208
In order to elucidate the effects of C on fibers and on final NCC, it was applied 209 under 3 different conditions (Table 1) . Regarding treatment 1, viscosity was highly 210 reduced, suffering a reduction of about 500 mL/g ( 
3.2.Effect of conditions of cellulase treatment on NCC preparation
253
In order to further understand the effects of this enzyme on NCC preparation and 254 final characteristics, NCC were prepared after fibers obtained in treatments C 1, 2 and 3.
255
Two different acid doses were used for trials. One dose (64 % wt.) which was chosen 256 based on evidence obtained from previous work of our group and considered a standard concentration for NCC preparation, and another dose thought to be weaker (62 % wt.).
258
All indicated samples were filtered through the Nº41 membrane.
259
Yield of NCC preparation process is a key aspect to be analyzed due to its showed very similar values, yielding ≈35 nm bigger crystals with 62 % sulfuric acid 278 compared to C3_NCC. With 64 % acid, differences were small. On Figure 1a it can be 279 observed that both particle size and yield seem to be related, fact that will be further 280 discussed in the following section. Sulfur content of nanowhiskers, in the form of 281 sulfate groups attached to their surface determines their behavior in several aspects.
Among other aspects, their presence is crucial for the stabilization of crystal 283 suspensions in water, (Abitbol et al., 2013; Habibi et al., 2010) . In spite of this, they 284 compromise nanowhiskers thermostability (Gu et al., 2013; Roman and Winter, 2004 C1_NCC and C3_NCC at 64 % sulfuric acid (Figure 1 ). In this case, 0.7 % higher sulfur C2 NCC, as the lack on buffer on the former treatment is the only difference between 299 these samples. In this direction, buffer presence seemed to increase yield and particle 300 size and reduce sulfur content. by viscosity values) and reduction in fibers dimensions ( 
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Critical discussion of light scattering and microscopy techniques for CNC particle 17.Garcia-Ubasart, J., Torres, A.L., Vila, C., Javier Pastor, F.I., Vidal, T., 2013. 
